Objective: This descriptive case series conducted to evaluate the outcome of CSF rhinorrhea repair with the Endonasal Endoscopic approach in terms of success of the repair.
INTRODUCTION
Cerebrospinal fluid (CSF) rhinorrhea defines a breach of all barriers that separate the subarachnoid space from nasal cavity or paranasal sinus, skull base, Dura and arachnoid membrane. CSF rhinorrhea carries a significant mortality (as high as 10%) and morbidity from ascending meningitis, pneumocephalus and brain abscess. Currently, there are two major operative approaches for the surgical management of CSF rhinorrhea, viz., trans-cranial sub-frontal approach and trans-nasal Endoscopic approach. The Endoscopic Endonasal approach has been advocated as the preferred approach in published literature as it gives proper exposure to the anterior skull base and sphenoid sinus and is associated with a higher success rate (90-100%) and lower morbidity. However, no such local published material could be found.
Almost 80-85% of CSF rhinorrhea presented from accidental trauma, 16-18% is post-surgical and 4% are spontaneous. Post traumatic rhinorrhea, more than 50% presented within the first 2 days and 70% within 7 days and delayed cases present within the 3 months post injury. 1, 2 Males presented commonly with post traumatic rhinorrhea. The common site of CSF rhinorrhea after accidental trauma are the sphenoid sinus (30%), frontal sinus (30%), and ethmoid/ cribriform (23%). 4 CSF rhinorrhea carries a significant mortality (as high as 10%) and morbidity from ascending meningitis, pneumocephalus and brain abscess when inadequately treated. 5 Meningitis may occur in less than 20% (8.8-41%) of patients. This proportion increase with duration of CSF leak. 6 There are two major treatment options conservative and surgical. Post traumatic CSF rhinorrhea spontaneously resolves in almost 90-95% with conservative management within 1-2 weeks, which includes head elevation, serial lumbar punctures or continuous lumbar drain. 7 When conservative treatment fails, surgical treatment is indicated. Postsurgical and spontaneous rhinorrhea needs surgical treatment without conservative trial. Currently, there are two major operative approaches for the surgical management of CSF rhinorrhea, viz, trans-cranial subfrontal approach and trans-nasal endoscopic approach. In this era of minimally invasive surgery, endoscopic repair is increasingly being promoted when indicated as it avoids morbidities and complications associated with a transcranial approach like loss of olfaction, intracranial hemorrhage, brain edema, seizures, behavioral and personality changes. Tran cranial approach is usually reserved for leaks difficult to visualize or asses endoscopically like far lateral, posterior and superiorly based leaks or in case of multiple defects. The success rate with a transcranial approach varies from 48 to 73% 8 with high recurrence rate 27%. The Endoscopic Endonasal approach has revolutionized as a superior approach to repair anterior skull base defects causing CSF rhinorrhea due to its excellent exposure of anterior skull base and sphenoid sinus.
The Endonasal Endoscopic approach is superior due to high success rate (90-100%), low morbidity, limited hospital stays, olfaction preservation than transcranial approach 10 as evident by other studies such as, of Burns et al (1996) 15 In the last few years, the Endoscopic Endonasal technique is being widely adopted in neurosurgical practice in Pakistan as CSF rhinorrhea is a common complication after anterior skull base fracture following head injury and is a rare entity. Failure of conservative management for more than 2 weeks warrants surgical intervention.
CSF rhinorrhea repair is neurosurgical domain and first time started in Lahore General Hospital with promising and successful results. We are the pioneering institution to adopt an Endoscopic Endonasal technique in Pakistan for the repair of CSF rhinorrhea. In our hospital, we have developed a special protocol for identification of the defect and successful CSF rhinorrhea repair. There is no local study available for this rare entity. The results of this study are expected to follow the trends documented in similar international studies and will help us to review our endoscopic skills and continue repair surgery at domestic level in Pakistan. The outcome of this study will enable us to compare our results with international results.
MATERIALS AND METHODS Study Design
Prospective study. The study was conducted at Neurosurgery department, Unit II, Punjab institute of neurosciences (PINS), Lahore from 01/01/2014 to 30/06/2018. This study involved 40 patients aged between 3-80 years of both genders diagnosed of CSF rhinorrhea with presented with in 1 week after trauma and spontaneous and postoperative cases.
Inclusion Criteria
Age (3 -80 years) and irrespective of gender, all patients who had CSF rhinorrhoea as per operational definition presenting with either post traumatic, spontaneous, postoperative and delayed post traumatic leaks diagnosed with in the last 1 week.
Exclusion Criteria
Defects which were far lateral and involving the superior or posterior wall of the frontal sinus assessed by CT FESS protocol and not accessible via endoscope. Multiple skull base defects on CT FESS. Defects larger than 1.5 cm (calculated by CT FESS protocol). Delayed Post Traumatic Leaks: CSF rhinorrhea that started after 2 weeks of head injury onset and before 6 months.
Data Collection
After approval, informed consent from 40 patients with CSF rhinorrhea coming to OPD of Neurosurgery unit II, PINS fulfilling the inclusion criteria was taken. Questionnaire containing bio-data, i.e. age, sex, type of rhinorrhea (traumatic /non traumatic), the response to conservative treatment for 2 weeks was attached. Outcome measure in term of successful CSF repair was used as research protocol and post-operative findings, type of graft material used, any complication occurred were recorded by researcher himself. A uniform protocol of surgery (endoscopic CSF leak repair) was adopted. Endoscopic technique was as follows: Patient position will be spine with head slightly extended and turned towards surgeon side. Nasal mucosa was infiltrated with 2% xynosine solution. Endoscope 4mm advanced forwarded through right or left nostril, lateral or medial to middle turbinate as directed by CT FESS protocol Figure 1 .
Middle turbinate was taken as an important landmark in CSF leak repair. HADAD FLAP raised in all cases. Endoscope advanced forwarded and the defect was identified with the help of fluorescein dye or by identifying associated encephalocele (Figure 2 ). Granulations tissue removed for clearing the defect and space created between Dura and anterior skull base for inlay or on lay graft placement i.e. fat, fascia lata and rotation of middle turbinate. The defect was further reinforced with the application of fibrin glue followed by nasal packing. CSF diversion procedures (lumber drain) used in few patients. All patients were treated according to department protocols under general anesthesia and patients were followed for 6 weeks to determine the success i.e. no clinical evidence of CSF rhinorrhea postoperatively and response was recorded as Yes (Successful repair)/No.
Data Analysis
All collected data analyzed via SPSS version 19. Numerical variables like age were presented by mean ± SD. Categorical variables like sex, successful repair were presented as frequency and percentage. Data was stratified for age, gender, cause of CSF rhinorrhea to address effect modifiers. Post-stratification chi-square test has been applied taking the p-value ≤ 0.05 as significant.
RESULTS

Age Incidence
The patient's age ranged from 5 years to 53 years with a mean of 22.75 ± 15.59 years.
Gender Distribution
Out of 40 patients30 (75%) were male and 10 (25%) were female. 
Clinical Presentation and Management
Underlying cause was post-traumatic in 27 (67.5%) cases, followed by post-operative in 7 (17.5%) and spontaneous in 6 (15.0%) cases. Successful repair was observed in 36 (90.0%) patients. No statically significant difference was found in the frequency of successful repair across various age groups; 5-20, 21-36, 37-53 years (95.7%, 83.3%, 81.8%; p = 0.381), gender groups; male vs. female (86.2% vs. 100.0%; p = 0.194) and etiological groups; post-traumatic vs. post-operative vs. spontaneous (92.6% vs. 71.4% vs. 100.0%; p = 0.169).
DISCUSSION
Cerebrospinal fluid (CSF) rhinorrhea involves a breach of barriers of all barriers that separate the subarachnoid space from the nasal cavity or paranasal sinus, skull base, dura mater, and arachnoids membrane. Approximately 80% of CSF rhinorrhea result from accidental trauma, 16% from surgical procedures and 4% are spontaneous. Post traumatic rhinorrhea mostly present in 2 weeks. 1,2 CSF rhinorrhea carries a significant mortality (as high as 10%) and morbidity from ascending meningitis, pneumocephalus and brain abscess when inadequately treated. 5 Meningitis may occur in less than 20 % (8.8-41%) of patients. This proportion may even increase to 58% with the duration of the leak. 6 There are two major treatment options conservative and surgical. Previously transcranial approach was preferred for CSF rhinorrhea repair, but this was a cumbersome procedure, craniotomy and craniotomy scar and associated complications after a massive brain retraction to expose the skull base like anosmia, seizures, intracranial bleed, high risk of meningitis, injury to adjacent neurovascular structures 17 and even death in some cases.
Transcranial approach failure rate was up to 30% to 40%. 18, 19 The Endoscopic Endonasal approach has been advocated as the preferred approach in published literature as it gives exposure to anterior skull base and the sphenoid sinus and is associated with a higher success rate and lower morbidity. The study objective was to evaluate the CSF rhinorrhea outcome repair with the Endonasal Endoscopic approach in terms of success of the repair. This study involved 40 patients aged between 3-80 years of both genders diagnosed of CSF rhinorrhea with in the last 1 week. Patient's age ranged from 5 years to 53 years with a mean of 22.75 ± 15.59 years. 29 (72.5%) male and 11 (27.5%) female patients are included in the study group. A relatively higher mean age of 36.3 ± 11 years was observed previously in patients of CSF rhinorrhea by Farooq et al. (2011) at Dow University of Health Sciences, Karachi. Similar to the present study, they also reported a similar male predominance (56.5% vs. 43.5%) among such patients. 22 However, a female predominance (38% vs. 62%) was observed by Bhatti et al. in another local study at Ayyub Medical College, Abbottabad, and Pakistan 65.
The underlying cause was post-traumatic in 21 No statistically significant difference was found in the frequency of successful repair among patient's age, gender and underlying cause of CSF rhinorrhea which shows that this procedure is equally effective for all age groups, genders and etiological types of CSF rhinorrhea making it an ideal choice.
The present study is unique in the local population and directs the use of the Endonasal Endoscopic approach for the treatment of patients with CSF rhinorrhea. Only limitation that should be considered in the present study and that is about complications. Complications should be considered before adopting this technique in routine practice. Such a study in future is highly recommended.
